Sensitivity of Mya.
1. Mya retracts its double siphon when it is suddenly illuminated. The reaction time of any individual to a given intensity is constant. In addition, animals of the same size give about the same reaction time under similar conditions (see Table I ). The figures in Table I represent three measurements of the reaction time of each of six animals to one intensity. Table I shows that it is a safe procedure to consider all the values together in order to express the mean reaction time of the group of animals. Because of this it was possible to perform a single experiment on several individuals, rather than to repeat the same de- 12.10 i 1.3 5.371 1.5 10.35 1.3 t termination several times on one animal. This possesses the advantages of convenience and greater numbers. 2. The reaction time of Mya is similar to that of Ciona in respect to its composition. It may be divided into two periods. The first is a sensitization period during which Mya must be exposed to the stimulating light in order to respond with the usual reaction time. The second interval is a latent period during which the presence or absence of the stimulating light in no way influences the duration of the reaction time. During this latent period Mya may be in the dark, but will respond as usual to the effect initiated by the light during the sensitization period.
The composition of the reaction time in Mya is striking because of the disparity in the duration of its two phases. The latent period may vary between 1 and 4 seconds depending on the temperature.
At a temperature of 20°C. it is approximately 1.3 seconds. The sensitization period, however, is very small, resembling in duration the exposure periods associated with photographic processes.
The best demonstration of the composition of the reaction time is, in fact, by the use of a photographic shutter. An animal is kept in a dark room, and observations are made with the aid of a ruby lamp to which Mya is comparatively insensitive. By means of a camera shutter the animal is exposed to light for very short intervals, and its reaction time noted. It was found that with an illu-1 mination of 2,000 meter candles, an exposure of 1~ second was more than enough to cause a response of the animals in the usual reaction time. 3. Within a moderate range of intensities, and at a constant temperature, the latent period remains the same. This may be demonstrated by determining the reaction time of an animal to a series of intensities which require sensitization periods of less than 0.1 second. Under such conditions, the sensitization period and its variations due to the changes in intensity will not be noticeable in the reaction time as measured with a stop-watch. Table II records the reaction time of two animals exposed to three intensities.
It will be seen that the variations in the reaction time, and consequently of the latent period, are well within those of the experi-mental error. The average of these two sets of determinations is 1.29 seconds, practically all of which represents latent period. At lower intensities, of course, the sensitization period becomes larger, and enters perceptibly into the duration of the reaction time as ordinarily measured.
4. The constancy of the latent period under given conditions of temperature and intensity is of prime significance in the study of dark adaptation. Because of its uniformity, any variations in the reaction time under these conditions signify variations not in the latent period, but in the sensitization period.
The sensitization period represents the time required for the light to produce its chemical effect. Any variation in its duration means a change in the amount of chemical effect. In terms of the photochemical law of Bunsen and Roscoe,--which has been shown to apply to such sensitization processes (Loeb, 1918 , Hecht, 1918 ,--the amount of photochemical change at a given intensity varies with the time of exposure to light. For such short periods as occur here it may be safely assumed that the photochemical effect is a linear function of the time of exposure to a given intensity. The duration of the sensitization period may thus be taken to represent the amount of photosensitive substance decomposed in the sense organ by the action of the light. Therefore determinations of the reaction time at constant temperature and intensity furnish us with a measure of the amount of chemical effect necessary to produce a response during various phases of light and dark adaptation in Mya. P hotic Adaptation.
1. The exposure of Mya to light results in only a single response.
After retracting its siphons, the animal slowly expands them, and remains in this state during the remainder of the exposure. This acquisition of sensory equilibrium was accomplished at all the intensifies to which Mya was subjected, the highest intensity used being 10,000 meter candles.
If, after such an adaptation, Mya is placed at a lower intensity, or preferably in the dark, it rapidly becomes sensitive to the light with which it had been in sensory equilibrium. By determining the reaction time at frequent intervals, it is possible to follow the progress of the acquisition of sensitivity.
The details of an experiment are as follows. An animal is exposed to an intensity of about 3,000 meter candles. At the end of an hour the light is turned off and the animal left in complete darkness except for the presence of a ruby light. After definite intervals the response of the animal to a light of 225 meter candles is determined by recording the reaction time. 2. The hypothesis which was suggested to explain the photic responses of Ciona (Hecht, 1918, b) , involves the existence of a reversible reaction sensitive to light. The action of light is to decompose a photosensitive substance into its precursors. The recombination o f the precursor substances to form sensitive material is, however, independent of the presence of light, and proceeds whenever any fresh precursors are formed. This photosensitive system not only adequately accounts for the behavior of Ciona, but serves as well to rationalize the two characteristics of the photic sensitivity of Mya with which we are at present concerned.
It will be remembered that the sensitization period represents the amount of photochemical activity. In terms of our hypothesis thi~ is equivalent to the amount of precursor substances formed by the decomposition of the photosensitive material. It was shown for
Ciona that in order to produce a response the amount of precursor substance which must be formed by tile light is a constant fraction of the amount of precursor already present in the reaction system. Therefore the duration of the sensitization period may be considered as a direct measure of the amount of precursor substances present at any moment in the sense organ.
When Mya is placed in the dark, any precursor material present will at once react to form sensitive substance. Since none of the latter is being decomposed, the rate of disappearance of the precursor material will depend on their concentration, on the order of the reaction, and on the value of the velocity constant. During dark adaptation then, the change in the sensitization period should reveal the rate of formation of photosensitive substance.
In view of this reasoning it is highly significant that the curve drawn in Fig. 1 is an isotherm of a bimolecular reaction.
That the points fit the theoretical curve is apparent from mere inspection. However, in order to bring this out in the customary way, Table III In the equation, k equals 0.245 at this temperature of 22°C. ; a is the amount of precursor material present at the first moment of darkness (equal to 100 per cent); x is the per cent of photosensitive substance formed in the time t; and a -x is the amount of precursor substances still remaining.
In making the calculations, the sensitization period corresponds to a-x, and a is its value ~when t = o, in this case 1.79 seconds. In addition it must be remembered that the reaction time represents not only the sensitization period, but also, at this temperature, a latent period of 1.31 seconds. 
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As a result of these experiments on dark adaptation it is therefore possible to express quantitatively the hypothesis previously suggested. The photosensitive system resolves itself into three components concerned in the two reactions of a reversible system. The first reaction is independent of light and consists in the combination of two precursor substances (P and A) to form a photosensitive material (S). The second reaction involves the decomposition of S into its two precursors. The system may therefore be written 31 The dynamics of this reversible reaction must explain the peculiarities of photosensory adaptation. The course of dark adaptation is, of course, clearly a function of the unopposed "dark" reaction. In addition, however, it must be shown how the hypothesis accounts for sensory equilibrium, and for the difference in sensitivity of lightand dark-adapted sense organs.
In the presence of any intensity of light the two opposing reactions will presently reach a stationary condition, at which the concentration of the three components will remain constant. This is equivalent to sensory equilibrium, and involves two characteristics. One is that this intensity no longer acts as a stimulus. This follows from the fact that no increase in the amount of precursor substances takes place. The second is that from this level the reaction time to a higher intensity is always the same. This is because a response always involves the formation of the same fraction of the amount of precursor substances present in the system. Since the latter is constant, the reaction time will also be constant.
The reaction system may approach a stationary condition from either side and at different intensities (Sheppard, 1914) . Similarly, sensory equilibrium may be attained either at low intensities through dark adaptation, or at high intensities through light adaptation. In the reaction system a low intensity means a small quantity of precursor substances present at the stationary condition, whereas at high intensities a large quantity will be present. This is true of reversible photochemical reactions, as well as of those that are only pseudoreversible (Sheppard, 1914, p. 225) . In order to produce a response the amount of precursor formed must be a definite fraction of the amount then present in the system. Hence at a high intensity sensory equilibrium more light energy will be required to produce a response than at a low intensity equilibrium. This is equivalent to saying that a dark-adapted animal is more sensitive to light than a light-adapted one,--which is a self-evident proposition of sensory physiology (von Helmholtz, 1911 , Hess, 1910 .
The photochemical system here proposed is therefore adequate to account for the phenomena associated with the sensory adaptation of Mya in its responses to an increase of illumination.
Effect of Temperature.
1. The significance of an hypothesis is materially strengthened by the testing of certain corollaries that follow from its acceptance. One such prediction was investigated in the case of Ciona with results that amply justified the application of the hypothesis. The greater definiteness of the reaction system in the case of Mya made possible the investigation of other phases of the hypothesis.
It is well kno~Tn that the rate of photochemical reactions is comparatively uninfluenced by a change in the temperature (Redfield and Bright, 1919) . Therefore the decomposition of photosensitive material, S ~ P + A, should proceed practically independent of the temperature. The reverse, reaction, however, P + A --* S, being an ordinary bimolecular reaction and independent of the presence of light, should be decidedly influenced by the temperature.
Two things obviously follow from these conceptions. The first is that the amount of precursor substances present at the "stationary state" for a given intensity will vary inversely with the temperature. The rate of formation of precursor substances being practically the same at all temperatures, the amount of precursor substances present will depend solely on the rate of their recombination. Therefore at low temperatures there will be more precursor in the system than at high temperatures. Since the sensitization period at any moment measures the amount of precursor substances present in the system, the sensitization period for a sensory equilibrium at a given intensity will vary inversely with the temperature.
The second corollary concerns the rate of dark adaptation: This is determined entirely by the reaction A + P --* S. With the complete exclusion of light, this reaction should proceed faster at higher temperatures and slower at lower temperatures. The curve of dark adaptation as given in Fig. 1 should therefore show changes with temperature of the kind usually associated with chemical reactions.
2. Both of these points were investigated, and the experiments verified the assumptions unequivocally. The procedure was essentially the one previously described for the experiments on dark adaptation. After determining the rate of dark adaptation at room temperature on an animal, it was kept undisturbed for several hours in the dark. After such a rest, the experiment was repeated at a lower temperature. This means that both the exposure to the intense light and the dark adaptation were conducted at the lower temperature. After some hours of rest the experiment was again repeated at a still lower temperature.
Mya is a particularly good animal for such purposes because the continuous water current from its siphons goes through the body and serves to stir the water. The animal is thus maintained at the temperature of the water. Reliance was, however, not placed upon this, and the usual precautions were taken for maintaining an approximately constant temperature throughout an experiment.
The results obtained with five animals are shown in Fig. 2 . Each point represents an individual reading of the reaction time of the animal indicated. The data as plotted serve, therefore, to show the experimental error as well as the regularities observed. In order to point out the trend of the data of k s --* --it should be remembered here also that the latent period is to be subtracted from the reaction time to get the sensitization period. The latent period varies with the temperature (Hecht, 1919) . For this group of animals and at the temperatures indicated above, the latent periods are, respectively, 2.02, 1.57, and 1.31 seconds. How well the theoretical curve corresponds with the observed individual readings is clear from the figure. Table IV in addition gives a comparison between the calculated and the average observed values of the reaction time.
The data show the two corollaries of the hypothesis to be correct. Taking the value of a-x at t = o we get the sensitization period for the last moment of sensory equilibrium at the three temperatures. These are 5.38 seconds at 11.5 °, 3.43 seconds at 16.2 °, and 1.79 seconds at 21.9 °. They therefore show a decided increase with a decrease in the temperature, as required by the first assumption. The velocity constants of the curves drawn for dark adaptation show the familiar relation to temperature. The rate of dark adaptation is faster for higher temperatures, the coefficient for 10 ° being 2.4. The relation of the data to the hypothetical reaction P + A --~ S is perhaps better illustrated by Fig. 3 . The points are derived from the averages of Table IV , and the curves represent the theoretical rate of formation of photosensitive substance at the three temperatures according to a reaction of the second order. 3. This quantitative agreement of observed values with those predicted on the basis of an hypothetical photosensitive chemical system is convincing proof of the plausibility of the latter. It is my purpose, as this work proceeds, to map out in increasingly greater detail the dynamics of this photochemical system, and to test various deductions from it. I t is hoped in this way finally to reach a more or less complete statement ,of the physicochemical nature of the substances and processes that underlie the photosensory responses of an animal like Mya.
SUMMARY.
1. The reaction time of Mya to light is composed of two parts. The first, a sensitization period, is an exceedingly short interval of the order' of magnitude associated with photographic processes. The second is a latent period of about 1.3 seconds; during which Mya need not remain exposed to the stimulating light.
2. The process of dark adaptation in Mya is orderly. Its progress may be represented by the formation of a photosensitive substance according to the dynamics of a bimolecular reaction.
